Tendinosis is a problematic condition affecting many active people.^[@bibr5-1941738109337778]^ Significant advances in understanding tendon response to mechanical loading have been made, but a complete picture of the pathophysiology of tendinosis is still elusive. The ability to prevent this condition and to restore normal structure and function after the establishment of a tendinosis lesion continues to be a significant challenge to sports medicine clinicians. This article reviews the pathophysiology of tendinosis and the current status of nonoperative treatments.

Background {#section1-1941738109337778}
==========

Normal Tendon Anatomy and Function {#section2-1941738109337778}
----------------------------------

Tendons function to transmit muscular force across joints, resulting in body movement and joint stabilization. Tendons are primarily composed of collagen, proteoglycans, water, and cells.^[@bibr39-1941738109337778]^ The predominant constituent is collagen, which makes the tendon ideally suited to withstand and transfer tensile loads. Ninety-five percent of the collagen content is type I, with the remaining 5% being type III and IV. The predominant cell type is the tenocyte, which synthesizes and supports the tendon matrix.^[@bibr39-1941738109337778]^ Vascularity within the tendon is relatively sparse and corresponds with the low metabolic/turnover rate of these tissues.^[@bibr17-1941738109337778]^

Tendons display viscoelastic mechanical properties that confer time- and rate-dependent effects on the tissue. In particular, tendons are more elastic at low strain rates and stiffer at higher rates of tensile loading. Accordingly, the rate of tissue loading can influence the injury pattern of a tendon. Total tendon strains (percentage deformity) of 1% to 2% result in the straightening of the crimp pattern of unloaded tendon collagen. Strains of 2% to 6% are well tolerated by most healthy tendons. With a strain higher than 6%, incomplete tears start to occur within the tendon. Complete structural failure typically occurs in the range of 8% to 10%.^[@bibr38-1941738109337778]^

The physical junction of tendon and bone is referred to as an enthesis.^[@bibr13-1941738109337778]^ When 2 materials of different moduli of elasticity join, this interface is subject to stress concentration.^[@bibr96-1941738109337778]^ Thus, the soft tissue--bone interface of an enthesis is vulnerable to acute and chronic injury.^[@bibr52-1941738109337778]^ One role of the enthesis is to absorb and distribute this stress concentration over a broader area. The collagen, cartilage, periosteum, and bone tissues that constitute the tendon-bone interface have been collectively referred to as the enthesis organ.^[@bibr13-1941738109337778]^ Overuse tendon injuries can occur in the midsubstance of the tendon but often occur near or at the enthesis. Lesions at or near the enthesis are typically referred to as *tendinopathy*, which, although appropriate, may be more precisely termed *enthesopathy*.

As is true of all connective tissue, tendons have a positive adaptive response to repeated physiologic mechanical loading. This has been best studied in bone, where Wolff's law has been well established and widely accepted. In simple terms, this law states that healthy bone will respond to stress by becoming stronger. The reverse is also true, for bones subject to a decreased load.^[@bibr95-1941738109337778]^ Tendons respond to cyclic physiologic tensile loads with biologic and mechanical changes. For example, when exposed to normal exercise, tenocytes produce several growth factors, such as transforming growth factor--beta 1 (TGF-β1) and insulin-like growth factor 1 (IGF-1), which promotes collagen synthesis and tenocyte replication.^[@bibr30-1941738109337778]^ The resulting tendon changes produce increased tendon fiber diameter and greater mechanical strength.

Tendon Injury and Terminology {#section3-1941738109337778}
-----------------------------

Tendon injury occurs through acute and chronic mechanisms. Acute injuries that disrupt vascular tissues within the tendon result in a well-studied healing process involving 3 overlapping phases: inflammation, repair, and remodeling.^[@bibr47-1941738109337778]^ The first phase, inflammation, occurs as a hematoma forms with erythrocytes and activated platelets. This is followed by the infiltration of inflammatory cells, including neutrophils, monocytes, and macrophages that migrate to the injury site to remove debris. A short time later, chemotactic signals induce fibroblasts to start synthesizing collagen. The second phase, repair, is highly vascular and cellular and so involves the deposition of collagen and tendon matrix components.^[@bibr47-1941738109337778]^ During the final phase, remodeling, the vascularity and cellularity of the injury site decrease, and the collagen becomes more structured and organized. The injured site never achieves the original histologic or mechanical features of a healthy uninjured tendon.^[@bibr47-1941738109337778]^

Chronic or overuse injury of the tendon can be separated into superficial and intratendon pathologies. Paratenonitis is an inflammation of the outermost layer of the tendon, and it may be accompanied by synovitis of the tendon sheath, if present. Tendinosis, however, is an intratendinous degenerative lesion without an inflammatory component. Although these two pathologic processes can occur together, they are generally regarded as distinct independent conditions.

Terminology regarding tendon pathology has been somewhat confusing. The term *tendonitis* continues to be used clinically to describe any painful condition of the tendon. But accurate histologic and pathophysiologic terminology is needed. A generally accepted definition of terms has evolved. [Table 1](#table1-1941738109337778){ref-type="table"} summarizes Bonar's modification of Clancy's classification of tendinopathies.^[@bibr42-1941738109337778]^ *Tendinopathy* is a broad, overarching term referring to any abnormal condition of the tendon. *Tendinitis* implies inflammation, and the term is now used to refer to situations where an incomplete structural disruption of the tendon has occurred, which results in vascular damage, bleeding, and the ensuing inflammation phase of healing. *Paratenonitis* refers to inflammation of the most peripheral layer of the tendon and, should the tendon be enclosed in a sheath, may include synovitis. *Tendinosis* refers to the intratendinous degeneration that is thought to be a result of chronic overuse and that does not have a significant inflammatory component. Both tendinitis and paratenonitis can develop within a short time frame. Tendinitis can result from a single traumatic episode, whereas tendinosis requires a more prolonged time frame to develop.^[@bibr5-1941738109337778],[@bibr39-1941738109337778],[@bibr43-1941738109337778],[@bibr47-1941738109337778]^

###### 

Terminology of tendon pathologies.

                  Pathology                                          Time of Onset
  --------------- -------------------------------------------------- ---------------
  Tendinopathy    Any abnormal condition of tendon                   *N/A*
  Tendinitis      Inflammation in partially torn tendon              Short
  Paratenonitis   Inflammation of superficial structures of tendon   Short
  Tendinosis      Intratendinous degeneration                        Long

Clinical Presentation {#section4-1941738109337778}
---------------------

As applied today, the term *tendinosis* was first described by Puddu et al in 1976, who noted that such degeneration was troublesome in athletes.^[@bibr71-1941738109337778]^ The lesion is typically well localized and tender to palpation. Any significant loading of the affected tendon causes pain. When the lesion is well established, the clinical problem is rather persistent and recalcitrant to traditional overuse interventions. Tendinosis occurs most commonly in the Achilles, patellar, supraspinatus, and lateral elbow common extensor tendons. Tendinosis appears to be the result of repeated heavy loads applied to a tendon, as exemplified by Achilles tendon lesions occurring in runners, patellar tendon lesions occurring in jumpers, and lateral epicondylar lesions occurring in patients who repeatedly and forcefully grasp an object. Clinical evaluation usually reveals that the patient has had some symptoms for a significant period of time before seeking medical attention. A clinical grading system for tendinopathy was first described by Blazina et al in 1973. Since then, several variations have been used.^[@bibr14-1941738109337778]^ A grade 1 condition exists if there is no significant pain during athletic activity but the athlete has discomfort afterward. A grade 2 condition exists when the athlete has pain before and after activity but not enough during activity to alter his or her performance or schedule of activity. A grade 3 condition exists when the pain is severe enough that performance is affected and the athlete's volume of activity has to be modified because of the painful condition.

Histology {#section5-1941738109337778}
---------

The normal tendon has a characteristic histologic appearance. Collagen fibers are arrayed in an organized longitudinal parallel pattern with a periodic, slight waving pattern ([Figure 1](#fig1-1941738109337778){ref-type="fig"}). These fibers are tightly packed with no other obvious ground substance.^[@bibr39-1941738109337778],[@bibr41-1941738109337778],[@bibr42-1941738109337778],[@bibr47-1941738109337778]^ The tenocytes are long spindle-shaped cells and not readily apparent. Fibroblasts and myofibroblasts are not present, and vascularity is sparse within the collagen fibers. Superficial to the packed collagen fibers is the epitenon, which contains vascular, lymphatic, and neurologic supply to the tendon. Enveloping the entire tendon is the paratenon, which is loose areolar connective tissue with a thin layer of synovial cells.^[@bibr42-1941738109337778]^

![Histologic appearance of normal tendon with H&E staining.](10.1177_1941738109337778-fig1){#fig1-1941738109337778}

Histologic evaluation of tendinosis lesions reveals striking changes to the above-described normal tendon structure ([Figure 2](#fig2-1941738109337778){ref-type="fig"}).^[@bibr5-1941738109337778]^ The collagen fibers are not tightly packed nor well structured in parallel alignment. The fibers are widely spread with mucoid ground substance interspersed between them, and they present a disorganized pattern.^[@bibr39-1941738109337778],[@bibr41-1941738109337778],[@bibr42-1941738109337778],[@bibr47-1941738109337778]^ The tenocytes are more apparent and abnormal in shape.^[@bibr42-1941738109337778]^ They lose their spindle shape and become more round and chondrocyte-like, amounting to a fibrocartilaginous metaplasia.^[@bibr41-1941738109337778]^ There is increased cellularity, with the predominant cell population being mesenchymal-derived cells, such as fibroblasts, chondrocytes, endothelial cells, osteocytes, and lipocytes.^[@bibr47-1941738109337778]^ Higher levels of apoptosis, or programmed cell death, have been demonstrated in the cells of overloaded supraspinatus and patella tendons.^[@bibr50-1941738109337778],[@bibr59-1941738109337778],[@bibr97-1941738109337778]^ Neovascularization is obvious, resulting in a marked increase in vascularity within the lesion.^[@bibr41-1941738109337778],[@bibr42-1941738109337778],[@bibr47-1941738109337778]^ In 1979, Nirschl coined the term *angiofibroblastic hyperplasia* when describing tendinosis of the lateral elbow.^[@bibr47-1941738109337778]^ Studies of the histopathology of tendinosis confirm the lack of inflammatory cells.^[@bibr97-1941738109337778]^ Accordingly, terms such as *lateral epicondylitis* and *patellar tendonitis* are not accurate nomenclature to describe these conditions.^[@bibr43-1941738109337778]^

![Histologic appearance of the disorganized structure of a tendinosis lesion.](10.1177_1941738109337778-fig2){#fig2-1941738109337778}

The pattern of collagen disruption, mucoid ground substance, hypercellularity, hypervascularity, and lack of inflammatory cells summarizes what has been found consistently in histologic evaluation of lesions in the Achilles, patella, supraspinatus, and elbow tendons.^[@bibr5-1941738109337778],[@bibr39-1941738109337778],[@bibr41-1941738109337778],[@bibr42-1941738109337778],[@bibr47-1941738109337778]^ Metaplastic changes resulting in chondroid, lipid, and bone deposition within the lesion have also been described.^[@bibr5-1941738109337778],[@bibr39-1941738109337778],[@bibr41-1941738109337778],[@bibr42-1941738109337778],[@bibr47-1941738109337778]^ MRI findings of increased signal and ultrasonic findings of a hypoechoic area correlate with the histologic findings described above.^[@bibr26-1941738109337778],[@bibr69-1941738109337778],[@bibr98-1941738109337778]^

Movin and Bonar scores are two grading systems that can be used to quantify the histologic changes associated with tendinosis.^[@bibr51-1941738109337778]^ Maffulli et al showed that there is a high correlation between these 2 tools.^[@bibr51-1941738109337778]^ The use of histologic grading will advance our ability to evaluate treatment interventions beyond clinical pain relief.

Pathophysiology {#section6-1941738109337778}
---------------

Despite recent advances, the pathophysiologic trigger and process resulting in clinically significant tendinosis are poorly understood. Tendinosis has traditionally been thought to be the result of a failed healing response of the tendon to microdamage from chronic overuse.^[@bibr97-1941738109337778]^ Some would use the terms *failed reparative response* or *failed adaptive response* because normal tendon turnover and remodeling does not involve the inflammation implied in the term *healing*. Tender or painful connective tissue is often assumed to be inflamed, but this is not the case in tendinosis lesions.^[@bibr43-1941738109337778]^ The pain from these lesions may be due to local noxious stimuli and/or enhanced nocicep-tive fibers.^[@bibr3-1941738109337778]^

It is not clear whether the initial event in the pathologic cascade occurs in the collagen matrix or the tenocyte.^[@bibr5-1941738109337778],[@bibr39-1941738109337778]^ Overload of the tendon may result in collagen fiber disruption that may either trigger mechanoreceptors or directly damage the tenocytes causing them to replicate and differentiate into fibrocytes, endothelial cells, and other mesenchymal-derived cells.^[@bibr19-1941738109337778]^ These cells then produce the hypercellularity, hypervascularity, collagen disorganization, and abnormal ground substance deposition seen in tendinosis lesions.^[@bibr76-1941738109337778]^

To prevent and treat tendinosis, a better understanding of its pathogenesis is needed. Recent in vivo investigations of human tendons offer promise.^[@bibr10-1941738109337778],[@bibr12-1941738109337778],[@bibr47-1941738109337778]^ Alfredson et al have used in situ microdialysis to study the presence of cell signal molecules in human Achilles tendons.^[@bibr1-1941738109337778]^ They found no difference in prostaglandin E2 levels between normal and tendinosis lesions and concluded that chemical inflammation is not a significant contributor to the tendinosis process. They also noted increased levels of glutamate in the tendinosis lesions. Glutamate is a known excitatory neurotransmitter, and it has been shown to be a mediator of pain in the central nervous system.^[@bibr4-1941738109337778]^ In subsequent studies, the researchers demonstrated the presence of N-metyol-D-aspartate in Achilles tendons. N-metyol-D-aspartate glutamate receptors are associated with nerve endings.^[@bibr2-1941738109337778]^ The neuropeptides substance P and calcitonin gene-related peptide have also been identified in tendinosis lesions.^[@bibr24-1941738109337778]^ This finding adds credence to the notion that neurogenic inflammation may be the cause of pain in tendinosis lesions.^[@bibr2-1941738109337778]^

Higher levels of lactate have also been observed in tendinosis lesions, suggesting to some that anaerobic metabolism may be either a cause or a response to tendinosis.^[@bibr1-1941738109337778]^ This finding may also relate to the increased apoptosis seen in tendinosis lesions.

Messner et al showed in a rat model that with tendon overload, the first histologic finding before collagen disruption was vascular and nerve filament ingrowth into the tendons.^[@bibr58-1941738109337778]^ They also identified the presence of the neuropeptides substance P and calcitonin gene-related peptide in the overloaded tendons. Schubert et al found the sprouting of substance P positive nerve fibers in tendinosis lesions.^[@bibr82-1941738109337778]^ Substance P has been associated with pain and nociceptive nerve endings. This finding adds evidence to the notion that the pain in tendinosis lesions is neurogenic rather than inflammatory.^[@bibr2-1941738109337778]^ Several recent studies have well documented the hypervascularity of tendinosis lesions in the Achilles and patellar tendons.^[@bibr24-1941738109337778]^ A correlation between the areas of maximal pain and maximal hypervascularity has also been established.^[@bibr2-1941738109337778],[@bibr20-1941738109337778],[@bibr35-1941738109337778],[@bibr36-1941738109337778],[@bibr41-1941738109337778]^ This abnormal vascularity is not found in the asymptomatic contralateral limb.^[@bibr46-1941738109337778]^ The presence of perivascular innervation in tendinosis lesions is being further studied.^[@bibr2-1941738109337778],[@bibr20-1941738109337778]^ Danielson et al have shown that these innervations have a large sympathetic component.^[@bibr23-1941738109337778],[@bibr25-1941738109337778]^

Scott et al recently showed that the density of mast cells in tendinosis lesions was 3 times that found in normal tendons.^[@bibr83-1941738109337778]^ The density of mast cells correlated with the duration of symptoms and the amount of vascular hyperplasia present. These mast cells were positive for tryptase, a potent angiogenic factor.^[@bibr83-1941738109337778]^ Mast cells are also known to be capable of producing a potent neurotrophin, or nerve growth factor.^[@bibr34-1941738109337778]^ These finding support the findings of early neovascularization and neuro sprouting in tendinosis lesions.^[@bibr2-1941738109337778],[@bibr55-1941738109337778]^

A glimpse into why established tendinosis lesions are so recalcitrant to treatment may be gleaned from the work by Rolf et al.^[@bibr76-1941738109337778]^ Using immunohistochemistry, in situ zymography, and cell culture techniques, they showed that tendinosis cells were metabolically hyperactive and that their degenerative behavior persisted for many generations, even when removed from the tendinosis environment. It appears that once a normal spindle-shaped tenocyte differentiates into the more round cells found in tendinosis lesions, the process becomes difficult reverse.^[@bibr76-1941738109337778]^

Clearly, tenocytes respond to mechanical stress stimuli. In fact, intermittent loading of tenocytes appears to be required to maintain tenocyte health.^[@bibr49-1941738109337778]^ How fluid flow, strain, and shear are detected and transduced by cell membrane or cytoskeleton structures is unclear. Studies have demonstrated that one of the earliest mechanotransduction events in tenocytes is ion channel activity, specifically involving calcium.^[@bibr54-1941738109337778],[@bibr94-1941738109337778]^ In the future, cellular mechanotransduction processes and intercellular communication mechanisms will be elucidated to expand not only our understanding of, but also the prevention and treatment of, tendinosis lesions.^[@bibr8-1941738109337778]^

In efforts to better understand the response of tenocytes to mechanical loads, Arnoczky studied a rat tail tenocyte model.^[@bibr10-1941738109337778],[@bibr12-1941738109337778]^ The tendon cell response to mechanical loading is dependent on both the frequency and the magnitude of the applied loads.^[@bibr10-1941738109337778],[@bibr12-1941738109337778]^ Tenocytes appear to be programmed to sense a certain level of stress, and if they are not subjected to this level of stress, significant alterations occur in the tenocyte's production of matrix metalloproteinases and tissue inhibitor of metalloproteinases.^[@bibr12-1941738109337778]^ Thus, Arnoczky has postulated that the degenerative nature of tendinosis may be the result of the underloading of tenocytes as attributed to abnormal cell-matrix interaction, as opposed to the direct overload of the tenocyte.^[@bibr10-1941738109337778][@bibr11-1941738109337778]-[@bibr12-1941738109337778]^ In an in vitro study, stress deprivation resulted in increased apoptosis in tendon cells.^[@bibr28-1941738109337778]^ This concept is supported by work by Thornton et al and Gardner et al, who showed that stress deprivation of the tenocyte negatively affected the expression of matrix metalloproteinase and tissue inhibitor of metalloproteinase and, as such, may be a contributor to the development of tendinosis.^[@bibr32-1941738109337778],[@bibr88-1941738109337778]^ Orchard et al have proposed the concept of stress shielding as a contributing factor in the development of tendinopathies.^[@bibr66-1941738109337778]^

Tendinosis tends to occur in predictable and reproducible locations---for example, the patellar tendon, where the lesion almost invariably occurs in the posterior aspect of the proximal tendon. Both Lavagnino et al (in a computational model) and Dillon et al (in an in vivo study) have shown this to be the location of greatest tensile loading, hence contradicting the stress deprivation theory proposed above.^[@bibr27-1941738109337778],[@bibr48-1941738109337778]^ An explanation may be that repeated high-stress episodes result in a disturbance of the normal tenocyte-matrix interaction, thus uncoupling the tenocyte from the mechanical signal of tendon loading.^[@bibr10-1941738109337778],[@bibr12-1941738109337778]^ Once uncoupled, the tenocyte is no longer effective at supporting healthy and repairing damaged tendon matrix.^[@bibr10-1941738109337778],[@bibr12-1941738109337778]^

An integrative model for tendinosis that incorporates the above observations has not been established. More research is needed into the interplay between mechanotransduction and local micro-environment factors such as hypoxia and the resulting failed healing response with the production of nociceptive signals, neovascularization, neuro sprouting, as well as the cell signaling that results in the differentiation of cells into nontenocyte mesenchymal cells. As these complex processes are better elucidated, new preventative and treatment options for tendinosis will become apparent.

Nonoperative Treatment {#section7-1941738109337778}
======================

Because knowledge of the etiology, pathologic cascade, and healing mechanisms of tendinosis is still incomplete, it is difficult to know the correct therapeutic intervention to recommend.^[@bibr7-1941738109337778]^ As such, multiple approaches have been advocated, most with poor or only empirical evidence to support their use. Management of patients with tendinosis still revolves around the modulation of pain, despite the fact that the origin of this pain within the body of the tendon or the enthesis is presently unknown.

Although tendinosis has been poorly studied in a controlled fashion, clinicians widely accept that rest is clinically effective in early tendon overuse conditions, as is decreasing the magnitude and frequency of the loading episodes.^[@bibr42-1941738109337778]^ Jelinsky et al demonstrated in a rat model that gene expression in the overloaded supraspinatus tendon was reversed with as little as 2 weeks of rest.^[@bibr37-1941738109337778]^ Also widely accepted is the fact that rest is strikingly less effective in the treatment of established tendinosis lesions.^[†](#fn1-1941738109337778){ref-type="fn"}^

Corticosteroid and Nonsteroidal Anti-inflammatory Medications {#section8-1941738109337778}
-------------------------------------------------------------

Both corticosteroid and nonsteroidal anti-inflammatory medications (NSAIDs) may provide pain relief in situations of mild, acute, or recent onset of tendon pain associated with true tendonitis injuries.^[@bibr8-1941738109337778]^ Although steroids have been commonly used in the treatment of tendinosis, their benefit appears to be limited to short-term improvement in pain (ie, \< 6 weeks). There is no evidence to suggest long-term improvement,^[@bibr8-1941738109337778]^ nor is there significant evidence indicating that NSAIDs are effective in treating established tendinosis lesions in relieving long-term clinical symptoms or resolving the pathologic lesion.^[@bibr53-1941738109337778],[@bibr56-1941738109337778]^ This lack of efficacy is likely explained by the absence of inflammation as a significant factor in tendinosis pathology. In fact, many basic science studies have documented the potential negative effects of NSAID use on the tendon-healing process.^[@bibr6-1941738109337778],[@bibr18-1941738109337778],[@bibr22-1941738109337778],[@bibr29-1941738109337778],[@bibr75-1941738109337778],[@bibr89-1941738109337778][@bibr90-1941738109337778]-[@bibr91-1941738109337778]^ Accordingly, many authors suggest caution when prescribing NSAIDs for tendon injuries.

Sclerosing Treatments {#section9-1941738109337778}
---------------------

Sclerosing treatments aim to address the neovascularization of tendinosis lesions.^[@bibr1-1941738109337778],[@bibr18-1941738109337778],[@bibr29-1941738109337778],[@bibr77-1941738109337778]^ The hypervascular area is typically identified by ultrasound imaging, and a sclerosing agent such as polidocanol or hyperosmolar dextrose is injected into the desired area.^[@bibr57-1941738109337778]^ Several studies have shown this approach to be promising in relieving clinical symptoms.^[@bibr36-1941738109337778],[@bibr65-1941738109337778]^ No study, however, has demonstrated that sclerosing agents are effective in resolving the histopathology of tendinosis. Hoksrud et al demonstrated that, even when effective at reducing pain, the sclerosing treatment did not correlate with reduced vascularity in the long term.^[@bibr35-1941738109337778]^ Work by Cook et al implied that the presence of increased vascular structures seemed to correlate with pain, more so than the actual blood flow through the vessels.^[@bibr20-1941738109337778]^ They postulated the adjoining nerve fibers associated with the neovascularization may explain this finding. The denervation of the lesion may explain why sclerosing agents can so quickly relieve pain in an established tendinosis lesion. With these promising early results, further study needs to be pursued of the long-term affects and results of sclerosing techniques.^[@bibr53-1941738109337778],[@bibr72-1941738109337778]^

Eccentric Exercise {#section10-1941738109337778}
------------------

Periodic eccentric exercise has been shown in many studies to be beneficial to patients with tendinosis lesions.^[@bibr3-1941738109337778],[@bibr64-1941738109337778],[@bibr85-1941738109337778]^ Eccentric overload exercises were initially used to treat Achilles tendon lesions, but they have now been extended to other affected tendons. Nakamura et al demonstrated that eccentric exercises contributed to stable angiogenesis in early tendon injury whereas concentric exercises did not.^[@bibr64-1941738109337778]^ Knobloch et al showed in a controlled study that in tendinosis lesions an eccentric loading program resulted in a significant decrease in the paratenon vascularity and pain while not changing the oxygen saturation of the paratenon tissues.^[@bibr44-1941738109337778][@bibr45-1941738109337778]-[@bibr46-1941738109337778]^ Daily eccentric exercises were clinically beneficial and not harmful to tendon microcirculation.^[@bibr64-1941738109337778]^ Shalabi et al demonstrated decreased tendon volume, decreased MRI signal in the tendinosis lesions, and improved clinical pain scores in patients with Achilles tendinosis who were treated with eccentric training regimens.^[@bibr84-1941738109337778]^

In contrast to the findings of studies of eccentric exercises, concentric muscle activity does not appear to be beneficial.^[@bibr33-1941738109337778]^ In a study comparing eccentric and concentric exercises, Rees et al found that there was no difference between the 2 exercises with respect to peak tendon force and tendon length change.^[@bibr74-1941738109337778]^ They did find that the tendons that were subjected to eccentric loading all had high-frequency oscillations in tendon loads, whereas none of the concentric group exhibited these oscillations. The researchers speculate that this oscillation pattern may explain the different physiologic effects and clinical efficacies of the 2 exercise types. Stergioulas et al showed a clinical benefit to adding low-level laser therapy to an eccentric exercise program but that such therapy alone was not effective.^[@bibr86-1941738109337778]^ A recent systematic review of nonoperative treatments of midportion Achilles tendinopathy concluded that eccentric exercise had the most evidence of efficacy.^[@bibr53-1941738109337778]^ The optimal pattern and schedule of eccentric overloading programs have not yet been identified.^[@bibr8-1941738109337778]^

Extracorporeal Shock Wave Treatment {#section11-1941738109337778}
-----------------------------------

Extracorporeal shock wave treatment (ESWT) has been used to treat tendinosis lesions.^[@bibr31-1941738109337778],[@bibr73-1941738109337778],[@bibr93-1941738109337778]^ Chen et al demonstrated in a rat model that ESWT promoted tendon healing in a collagenase-induced tendinopathy and that it induced TGF-β1 and IGF-1 expression.^[@bibr16-1941738109337778]^

Rompe et al showed in a randomized controlled trial that eccentric exercise, combined with ESWT, was more effective than eccentric exercise alone.^[@bibr80-1941738109337778]^ In another randomized controlled trial comparing ESWT with eccentric exercises, Rompe et al showed ESWT to be more efficacious at 4 months.^[@bibr77-1941738109337778]^ And in yet another randomized trial, Rompe et al found ESWT and eccentric exercises to be equally effective and better than controls.^[@bibr79-1941738109337778]^ In a randomized placebo-controlled trial, Costa et al found no efficacy of ESWT.^[@bibr21-1941738109337778]^ In a recent review of the literature regarding ESWT for patellar tendinopathy, van Leeuwen et al concluded that ESWT appeared to be a safe and promising treatment, with a positive effect on pain and function, but that the current evidence did not allow for a specific treatment protocol.^[@bibr92-1941738109337778]^ In another review of the literature, Rompe and Maffulli found evidence in 10 randomized controlled trials that ESWT was effective for tennis elbow under well-defined and restrictive conditions.^[@bibr78-1941738109337778]^ The ideal energy level and application schedule are not well defined for ESWT and so may explain the varied reports of efficacy.^[@bibr53-1941738109337778]^

Platelet-Rich Plasma {#section12-1941738109337778}
--------------------

Platelet-rich plasma (PRP) appears to be a promising intervention for tendinosis lesions. Schnabel et al showed that tendons cultured in PRP showed enhanced gene expression of anabolic agents without a corresponding increase in catabolic molecules.^[@bibr81-1941738109337778]^ Arguelles et al showed a positive long-term result in 5 horses treated with PRP injections.^[@bibr9-1941738109337778]^ Mishra and Pavelko showed significant benefit to PRP injections in a small pilot study of patients with chronic tennis elbow who had failed traditional measures and were considering surgery.^[@bibr60-1941738109337778]^ Although theoretically attractive with promising early clinical results, a better understanding is needed of the soup of growth factors released in PRP. The clinical application of PRP to promote healing and adaptive responses clearly needs further basic science and controlled trials to ascertain its indications and efficacy.^[@bibr72-1941738109337778]^

Nitric Oxide {#section13-1941738109337778}
------------

Nitric oxide is an important cell signal molecule, and it appears to be involved in numerous tissue types' response to mechanical loading. Nitric oxide is also involved in modulating tendon healing and collagen synthesis.^[@bibr61-1941738109337778]^ Several basic science studies are encouraging regarding nitric oxide's potential role in enhancing tendon healing. Szomor et al demonstrated that nitric oxide synthases are upregulated in tendon overuse.^[@bibr61-1941738109337778],[@bibr87-1941738109337778],[@bibr96-1941738109337778]^ Molloy et al showed that nitric oxide influences tenocyte gene expression during tendon healing.^[@bibr61-1941738109337778]^ Xia and colleagues' study demonstrated that exogenous nitric oxide can enhance collagen synthesis in cultured tenocytes.^[@bibr96-1941738109337778]^ Murrell also demonstrated that nitric oxide enhances tendon healing and that systematic inhibition of nitric oxide synthesis resulted in a smaller cross-sectional area of, and the lower mechanical strength of, healing Achilles tendons in rats.^[@bibr62-1941738109337778]^ Topical nitrate has been reported to be clinically effective in the treatment of chronic tendinopathies^[@bibr62-1941738109337778],[@bibr68-1941738109337778],[@bibr69-1941738109337778]^; however, a recent randomized controlled clinical trial by Kane et al failed to show clinical benefit to topical glyceryl trinitrate patches in noninsertional Achilles tendinopathy.^[@bibr40-1941738109337778]^ More clinical trials are needed to assess dosing, indications, and efficacy of nitric oxide as a therapeutic intervention for tendinosis.^[@bibr8-1941738109337778],[@bibr53-1941738109337778]^

Matrix Metalloproteinase {#section14-1941738109337778}
------------------------

Matrix metalloproteinase inhibitors are another recent intervention for tendinosis. Matrix metalloproteinases are endopeptidases involved in the normal remodeling of the extracellular matrix of connective tissues. An increase in their activity in causing degradation of the extracellular matrix is thought to contribute to the development of tendinosis.^[@bibr11-1941738109337778]^ Matrix metalloproteinase inhibitors aim to decrease the catabolic enzymatic activity in the lesions.^[@bibr11-1941738109337778]^ Although some initial success has been reported, clinical efficacy has not been well established at this time.^[@bibr15-1941738109337778],[@bibr67-1941738109337778]^

Conclusion {#section15-1941738109337778}
==========

Recent advances in our understanding of the pathophysiology of tendinosis are promising. As we further define the processes of mechanotransduction and biochemical signaling of tendon overload, our efforts to prevent and treat tendinosis lesions should be greatly advanced. With respect to evidence of clinical efficacy, eccentric exercises have the strongest level of evidence. ESWT, PRP, sclerosing injections, and nitric oxide show early promise but require further clinical studies. Matrix metalloproteinase inhibitors are in the early phase of clinical study. Corticosteroids and NSAIDs have not been shown to be effective in treating tendinosis.
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